DIALOG(R)File347:JAPIO 

(c) 2005 JPO & JAPIO. All rts. reserv. 

04474526 **Image available** 
LIQUID CRYSTAL DISPLAY DEVICE 

PUB.NO.: 06-118426 [JP 6118426 A] 
PUBLISHED: April 28, 1994 (19940428) 
INVENTOR(s): YAMADAYUMIKO 

TANAKA YASUHARU 

HISATAKE YUZO 

APPLICANT^): TOSHIBA CORP [000307] (A Japanese Company or Corporation), JP 
(Japan) 

APPL.NO.: 04-270649 [JP 92270649] 
FILED: October 09, 1992 (19921009) 

INTL CLASS: [5] G02F-001/1343 

JAPIO CLASS: 29.2 (PRECISION INSTRUMENTS - Optical Equipment) 
JAPIO KEYWORD:R004 (PLASMA); R011 (LIQUID CRYSTALS); R096 
(ELECTRONIC 

MATERIALS -- Glass Conductors); R119 (CHEMISTRY - Heat 
Resistant Resins) 

JOURNAL: Section: P, Section No. 1777, Vol. 18, No. 402, Pg. 87, July 
27,1994(19940727) 

ABSTRACT 

PURPOSE: To obtain a liquid crystal display device in which the non-uniformity or 
lowering of a contrast ratio can be prevented from occuring even when it is displayed for a 
long time and satisfactory display characteristic with a wide visual angle and high contrast 
can be obtained. 

CONSTITUTION: A lateral electric field electrode 15 is arranged adjacently to one side 
14a of an electrode 14 to form picture element electrodes 14 arranged in matrix shape 
in two areas A, B with different tilting directions of a liquid crystal molecule, 
and reverse tilt is generated by a lateral electric field at a part of the area for normal tilt 
decided by the orientation of orientation film 19, 23. The boundary of different tilt 
areas can be decided by an auxiliary capacitor (Cs) line 16 which bisects 
the picture element electrode. 
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(54) [Title of the Invention] 

Liquid crystal display device 

(57) [Abstract] 
[Structure] 

A transverse electric field generating electrode 15 is disposed adjacent to a side 14a 
of a pixel electrode 14 in order to form regions A and B within each pixel electrode 14 
arranged in a matrix. The regions A and B are regions in which a tilt direction of liquid 
crystal molecules is different from the other. Normal tilt is formed by alignment of 
alignment films 19 and 23. On the other hand, reverse tilt is generated in part of the 
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normal tilt region by a transverse electric field. An interface between the different tilt 
regions is fixed by an auxiliary capacitor (Cs) line 16 dividing the pixel electrode into two 
portions. 
[Effect] 

A liquid crystal display device having satisfactory display characteristics of a wide 
viewing angle and a high contrast, in which the contrast ratio is neither varied nor lowered 
regardless of the long time display, can be obtained. 
[Scope of Claim] 
[Claim 1] 

A liquid crystal display device comprising: 

an array substrate having a plurality of scanning lines and a plurality of signal lines 
each arranged in a column and a row, an active element arranged in a matrix and controlled 
by the scanning line and the signal line, a pixel electrode connected to the active element, 
and an alignment film formed to cover the pixel electrode; 

an opposite substrate having a common electrode disposed to face to the pixel 
electrode and an alignment film formed over the common electrode; and 

a liquid crystal layer disposed between the array substrate and the opposite substrate, 
and in which liquid crystal molecules are pretilted in a predetermined angle and direction by 
the alignment films, 

wherein a transverse electric field generating electrode is formed adjacent to an 
outer periphery of the pixel electrode in an opposite direction to the direction in which the 
pretilt angle of the liquid crystal molecules is generated. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

This invention relates to a liquid crystal display device, especially to a TN type 
liquid crystal display device. 
[0002] 
[Prior Art] 

In recent years, a liquid crystal display device, which has great advantages of 
thinness, lightness, and low power consumption, has been actively used as display device of 
personal OA equipment such as Japanese word processor or desktop personal computer, or 
as graphic display device such as television. In particular, an active matrix liquid crystal 
display device has been developed actively because high-resolution display can be realized. 
[0003] 

In an array substrate of a conventional active matrix liquid crystal display device, a 
2 



English Translation of JP 6-118426 

plurality of scanning lines and a plurality of signal lines are arranged in a row and a column 
respectively over the major surface of an insulating substrate. In addition, a pixel 
consisting of a thin film transistor (hereinafter abbreviated as TFT) formed in the 
intersection of the scanning line and the signal line and a pixel electrode connected to the 
TFT is formed and further an alignment film is formed thereover. On the other hand, in an 
opposite substrate, a common electrode is formed over the major surface of an insulating 
substrate, and further an alignment film is formed thereover. The major surfaces of the 
array substrate and the opposite substrate in which the electrodes are formed are disposed to 
face to each other, and a liquid crystal agent is interposed therebetween. In general, an 
aligning process is performed to the alignment films on the array substrate side and the 
opposite substrate side so that the alignment directions are different by 90°; therefore, a TN 
type liquid crystal in which liquid crystal molecules align to be twisted by 90° in the 
thickness direction is used. 
[0004] 

The TN type liquid crystal display device has dependence on a viewing angle, that 
is, a contrast ratio and display color are changed depending on a viewing direction. An 
example of data obtained by measuring the viewing angle dependence of a conventional 
liquid crystal display device is shown in FIG 6. There is a characteristic that the contrast 
ratio is not symmetrical to a viewing angle 0, that is an angle of a view point 0, when a 
viewing direction is changed up and down with respect to the correct position of the surface 
of the substrate. The contrast ratio is generally changed a lot depending on the angle of the 
view point 0, but the display color is inverted if the angle 0 becomes minus; thus, there are 
limitations on the observed position. 
[0005] 

Many kinds of techniques are proposed in order to improve the viewing angle 
dependence, most of which relate to an aligning process. For example, Japanese Patent 
Laid-Open Publication No. S63-106624, Japanese Patent Laid-Open Publication No. 
S64-88520, and Japanese Patent Laid-Open Publication No. Hl-245223 disclose the 
following technique for the purpose of improving the viewing angle dependence: each pixel 
is divided into a plurality of regions, and an aligning process is performed so that an aligned 
direction of each region is different from the others. Although this kind of alignment 
method is described in, for example, Japanese Patent Laid-Open Publication No. 
S60-211421, Japanese Patent Laid-Open Publication No. S60-211422, Japanese Patent 
Laid-Open Publication No. S60-211423, and Japanese Patent Laid-Open Publication No. 
S60-211424, there are problems of the extremely complicated process and low productivity. 
In addition, polyimide that is generally used as an alignment film for the TN liquid crystal is 

3 
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so difficult to be etched to have a predetermined pattern that the above described regions in 
which the different aligning processes are performed can not be formed. Accordingly, a 
new alignment film that has properties as an alignment film and that is easy to be patterned 
is required for obtaining the regions in which aligned directions are different from each 
other by dividing a pixel because it is difficult to use polyimide showing high reliability in 
the retention rate, the pretilt angle, or the like as an alignment film of a liquid crystal display 
device. However, there is no member more suitable than polyimide now. 
[0006] 

Meanwhile, since a bus line is formed around a pixel electrode, a tilt reverse 
phenomenon, in which liquid crystal molecules stand up in the different direction from the 
pretilt direction due to a transverse electric field from the bus line, happens easily. A 
disclination line is generated in an interface with a normal tilt region, and this line is 
transferred depending on the voltage of the bus line; thus, this tilt reverse as the 
deterioration of an image quality is usually covered by a black matrix. In addition, many 
suggestions are made to prevent the generation of the tilt reverse region; however, problems 
are not completely solved yet. 
[0007] 

[Problem to be Solved by the Invention] 

As described above, a conventional liquid crystal display device has problems that 
there is a viewing angle dependence and fine images can not be obtained. 
[0008] 

The present invention has been accomplished in view of the above conventional 
problems, and it is an object to provide a liquid crystal display device in which fine images 
can be obtained in a large range of a viewing angle. 
[0009] 

[Means for Solving the Problem] 

The present invention is a liquid crystal display device comprising an array 
substrate having a plurality of scanning lines and a plurality of signal lines each arranged in 
a column and a row, an active element arranged in a matrix and controlled by the scanning 
line and the signal line, a pixel electrode connected to the active element, and an alignment 
film formed to cover the pixel electrode; an opposite substrate having a common electrode 
disposed to face to the pixel electrode and an alignment film formed over the common 
electrode; and a liquid crystal layer disposed between the array substrate and the opposite 
substrate, and in which liquid crystal molecules are pretilted in a predetermined angle and 
direction by the alignment films, wherein a transverse electric field generating electrode is 
formed adjacent to an outer periphery of the pixel electrode in an opposite direction to the 

4 
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direction in which the pretilt angle of the liquid crystal molecules is generated. 
[0010] 

A transverse electric field generating electrode according to the present invention 
generates a transverse electric field with a pixel electrode and gives a tilt angle in the 
different direction from a pretilt direction of liquid crystal molecules. Further, a region in 
which a tilt angle is given in the different direction is defined as a reverse tilt region. The 
voltage to be applied may be set appropriately depending on the required size of the reverse 
tilt region. 
[0011] 

A direction in which a pretilt angle is generated according to the invention is one of 
a tilt angle given by an alignment film to liquid crystal molecules, and one in which liquid 
crystal molecules stand up when a uniform electric field is applied by a pixel electrode and a 
common electrode. 
[0012] 
[Operation] 

In the present invention, a reverse tilt region is generated by applying a transverse 
electric field between a transverse electric field generating electrode and a pixel electrode. 
Since the reverse tilt region and a normal tilt region are formed in one pixel, it has the same 
effect as the case where regions having different rubbing directions are formed in one pixel. 
That is, the reverse tilt region decreases the viewing angle dependence and a viewing angle 
is uniformed at a level of an entire one pixel; thus, the viewing angle dependence is 
decreased and fine images can be obtained at a level of an entire screen. 
[0013] 

[Embodiment] 

Hereinafter, embodiments of the present invention are described. 

[0014] 

(Embodiment 1) 

Embodiment of the present invention is shown with reference to FIG 1 and FIG. 2. 
A plurality of parallel scanning lines 11 and signal lines 12 are formed so as to be 
intersected, and a TFT 13 is formed as an active switching element at the intersection over a 
lower substrate 10 made of glass. A pixel electrode 14 is formed in a region comparted by 
the two scanning lines 11 and signal lines 12 each in parallel; further, the pixel electrode 14 
is arranged in a matrix and is connected to the TFT 13. A transverse electric field 
generating electrode 15 parallel to the scanning line 11 is formed in a stripe pattern between 
an outer periphery 14a of the pixel electrode 14 on an approaching side of the rubbing 
direction denoted by an arrow R and the scanning line 11. The transverse electric field 

5 
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generating electrode 15 is formed so that arbitrary voltage can be applied. Furthermore, an 
auxiliary capacitor line (Cs line) 16 is disposed parallel to this transverse electric field 
generating electrode 15 and also disposed in a position dividing this pixel electrode 14 in 
half by being the base of the pixel electrode 14. A silicon oxide (SiO x ) layer 17 and a 
silicon nitride (SiN x ) layer 18 becoming interlayer insulating films between the scanning 
line 11 and the signal line 12 are formed over the transverse electric field generating 
electrode 15; further, an alignment film 19 is formed thereover. 
[0015] 

On the other hand, a black matrix 21 and a common electrode 22 are formed over an 
upper glass substrate 20, and an alignment film 23 is also formed. The black matrix 21 is 
disposed to cover a bus line formed of the scanning line and the signal line and to cover an 
edge portion of the pixel electrode 14. A liquid crystal layer 30 is interposed between 
these two substrates. 
[0016] 

If, for example, voltages of 3V and IV is applied to the pixel electrode 14 and the 
transverse electric field generating electrode 15 respectively on the basis of the common 
electrode 22 during operation, the tilt angle is controlled by liquid crystal molecules L R due 
to the transverse electric field between the transverse electric field generating electrode 15 
and the pixel electrode 14 as shown in the figure. Thus, a tilt angle is generated in a 
direction denoted by an arrow Tb in a region of the periphery 14a of the pixel electrode 14 
on the approaching side of the rubbing direction, and the region becomes a reverse tilt 
region B. 
[0017] 

On the other hand, a side of the rubbing proceeding direction is not under the 
influence of the transverse electric field, and a tilt angle generating direction of liquid 
crystal molecules L N is T b depending on the alignment direction of the alignment films; thus, 
the region is maintained to be a normal tilt region A. Accordingly, a disclination line D or 
a wall is formed in an interface between the two regions. The C s line 16 including a black 
matrix layer 16a is disposed to cover this disclination line D. 
[0018] 

As described above, the reverse tilt region B and the normal tilt region A are formed 
in one pixel. Thus, the viewing angle dependence is decreased and fine images can be 
obtained. 
[0019] 

Next, a manufacturing method of this embodiment is explained. 

[0020] 
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The lower array substrate 10 is formed as follows. First, a metal film such as an 
MoTa alloy is formed to have a film thickness of 250 nm by a sputtering method over a 
substrate formed of an insulating transparent material such as glass, and then it is patterned 
and etched by a chemical dry etching method (CDE) to form the Cs line 16 of 10 \im width 
and the scanning line 11 of 8 nm width, a gate electrode 13G, and the transverse electric 
field generating electrode 15 of 8 \im width each having a predetermined shape. Next, an 
SiO x layer 17 is formed to have a thickness of 350 nm by a plasma CVD method, and an 
a-Si film (not shown in figures) and an SiN x layer 18 are formed to have a thickness of 50 
nm and 200 nm respectively by a plasma CVD method. Thereafter, the SiN x layer is 
etched by a hydrofluoric acid-based etchant to form a channel protective layer of the TFT 
(not shown in figures). An n + a-Si film (not shown in figures) of 50 nm thick is formed by 
a plasma CVD method to realize ohmic contact. Further, each of the n + a-Si film, the a-Si 
film, and the SiN x layer 18 is etched to have a predetermined shape by CDE. 
[0021] 

Cr and Al are laminated by a sputtering method each to have a film thickness of 50 
nm and 500 nm to be deposited. Then, Cr and Al are each etched as patterning by a 
mixture of nitric acid, phosphoric acid, and acetic acid and a eerie ammonium nitrate 
solution to form the signal line 12 of 8 (Am width, a source electrode 13S, and a drain 
electrode 13D. The n + a-Si film exposed between the source electrode 13S and the drain 
electrode 13D is etched to be removed by CDE using the source electrode 13S and the drain 
electrode 13D as masks. Furthermore, a transparent conductive film such as ITO (indium 
tin oxide) is formed to have a film thickness of 100 nm by a sputtering method, and 
patterned. Thereafter, the transparent conductive film is etched by an aqua regia-based 
etchant to form the pixel electrode 5 [sic] in a rectangular whose size is 65 [xm x 65 \im, and 
an SiN x film of 200 nm thick as a passivation film (not shown in figures) is formed. 
Furthermore, a polyimide thin film of 100 nm thick for an alignment film is formed, and 
then a rubbing process is performed on the surface of this alignment film 19. 
[0022] 

As a result, the peripherally of the side 14a of the pixel electrode 14 is disposed so 
as to overlap with the upper surface of the transverse electric field generating electrode 15 
where the insulating films 17 and 18 are interposed therebetween. A bossy ridge 16b due 
to a thickness of the Cs line 16 is formed in a central area dividing the pixel electrode into 
two portions. An interface between the reverse tilt region B and the normal tilt region A is 
formed easily due to this ridge 16, and a pixel electrode region between the ridge and the 
transverse electric field generating electrode becomes a reverse tilt region different from the 
tilt direction of the alignment film 19 (region A) when a transverse electric field is 
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generated. 
[0023] 

On the other hand, the upper substrate 20 is formed of an insulating transparent 
material such as glass, and a meal film sueh as Cr becoming the black matrix 21 is formed 
to have a thickness of 300 nm by sputtering and then is patterned to have a grid shape by 
photolithography. A 100 nm thick transparent conductive film is formed by a sputtering 
method to be a common electrode 22. Further, after forming a 100 nm thick polyimide 
thin film, a rubbing process is performed on the surface of the alignment film 23. 
[0024] 

Thereafter, an epoxy-based adhesive is printed as an adhesive along a circumference 
of the alignment film 19 formed over the array substrate 10. Note that the adhesive is not 
printed in an inlet (not shown in figures). Next, microspheres having a grain size of 5 ^m 
(Micro Perl (product name) produced by Fine Chemicals Division, Sekisui Chemical Co. 
Ltd.) as a gap material (not shown in figures) is dispersed on the surface of the array 
substrate. Subsequently, after the upper and lower substrates are disposed so that the 
alignment film 19 are faced to the alignment film 23 and the rubbing directions are set to be 
different from each other by 90°, the both substrates 10 and 20 are attached by heating to 
cure the adhesive. 
[0025] 

Next, ZLI-1565 (produced by E. Merk & Co. Inc.) added with S811 (produced by E. 
Merk & Co. Inc.) of 0.1 wt% as a liquid crystal material is injected from the inlet to form a 
5 fim thick liquid crystal layer 30 by a general method. Subsequently, the inlet is sealed 
with a ultraviolet curable resin. 
[0026] 

Thereafter, polarization plates are further attached to the upper and lower substrates; 
thus, an active matrix liquid crystal display device is completed. 
[0027] 

A viewing angle dependence of a liquid crystal display device thus manufactured 
according to the present invention is examined, and a preferable result shown in FIG 3 is 
obtained. In other words, FIG. 3 shows a contrast ratio when an angle inclining to the 
viewing direction on the basis of the substrate vertical direction is set to be a viewing angle 
8, and it is assured that an almost symmetrical contrast ratio can be obtained in both upper 
and lower directions. 
[0028] 

(Embodiment 2) 

FIG. 4 shows a liquid crystal display device according to the present invention, and 
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same portions are denoted by the same reference numerals in FIG. 2. As shown in the 
figure, a transverse electric field generating electrode 15 is formed between a scanning line 
11 and a pixel electrode 14 over a lower array substrate 10. The transverse electric field 
generating electrode 15 is formed over an SiO x layer 27 and an SiN x layer 28 becoming 
insulating films between the transverse electric field generating electrode 15 and a signal 
line 12, and it is also disposed over an outer periphery 14a of the pixel electrode 14. 
[0029] 

The SiO x layer 27, the SiN x layer 28, and the transverse electric field generating 
electrode 15 are formed in the following processes. The SiO x layer 27 is formed to have a 
film thickness of 350 nm by a plasma CVD method, the SiN x layer 28 is formed to have a 
film thickness of 200 nm by a plasma CVD method, and then the SiO x layer 27 and the SiN x 
layer 28 each are etched to have a predetermined shape by CDE. Further, Cr and Al are 
laminated by a sputtering method each to have a film thickness of 50 nm and 500 nm to be 
deposited, and they are etched as patterning by a mixture of nitric acid, phosphoric acid, and 
acetic acid and a eerie ammonium nitrate solution to form the transverse electric field 
generating electrode 15. 
[0030] 

In this manner, the transverse electric field generating electrode 15 is formed upper 
than a side portion 14a of the pixel electrode; thus, components of a transverse electric field 
parallel to the substrate can be easily imparted to an electric field formed between a region 
of the pixel electrode 14 and an electrode 22 of an opposite substrate. Consequently, a 
reverse tilt region B can be formed with a small electric field. 
[0031] 

(Embodiment 3) 

Hereinafter, Embodiment 3 is described. 

[0032] 

FIG. 5 shows an embodiment of a liquid crystal display device according to this 
embodiment. Same portions are denoted by the same reference numerals in FIG 2. 
[0033] 

A pixel electrode 14 is formed to be interposed by scanning lines 11, and a 
transverse electric field generating electrode 15 is formed between the scanning line 11 and 
the pixel electrode 14 over an array substrate 10 as shown in the figure. On the other hand, 
a black matrix 21 and a common electrode 22 are formed over an opposite substrate 20. 
Note that the position of the common electrode 22 corresponding to the transverse electric 
field generating electrode 15 is shown as a cut-out portion 22a. By removing the common 
electrode over the transverse electric field generating electrode 15 in this manner, a strong 
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transverse electric field can be obtained. 
[0034] 

Further, the position of the common electrode 22 corresponding to a Cs line 16 is 
shown as a cut-out portion 22b in this embodiment. By removing the common electrode 
over the Cs line 16 in this manner, a reverse tilt region B can be formed stably. 
[0035] 

Any alignment film can be used in the present invention; however, it is preferable to 
use one whose pretilt angle is small, preferably 1° or less. When the pretilt angle is 1° or 
less, a tilt reverse region can be expanded even if the low voltage is applied to the transverse 
electric field generating electrode. 
[0036] 

In the case where one pixel is small, for example, a liquid crystal display device for 
a projector, a required size of the tilt reverse region becomes smaller; thus, a preferable 
viewing angle can be obtained even if the low voltage is applied to the transverse electric 
field generating electrode. 
[0037] 

In addition, the transverse electric field generating electrode according to the 
present invention is formed in the neighborhood of the rubbing approaching direction of the 
pixel electrode, and the shape, the material, or the like may be decided appropriately so that 
the tilt reverse region is formed in a predetermined area. 
[0038] 

The area of the tilt reverse region according to the present invention is decided 
depending on how a viewing angle is set. The ratio of the normal tilt region and the tilt 
reverse region is not limited to that of 1:1. 
[0039] 

[Effect of the invention] 

According to the present invention, a liquid crystal display device having 
satisfactory display characteristics of a wide viewing angle and a high contrast, in which the 
contrast ratio is neither varied nor lowered regardless of the long time display, can be 
obtained. 

[Brief Description of Drawings] 

[FIG. 1] a schematic plan view of a substrate in an embodiment according to the present 
invention. 

[FIG 2] a schematic cross-sectional view taken along line I-I of FIG. 1. 

[FIG 3] a graph showing a characteristic of a viewing angle 0 and a contrast ratio in an 

embodiment according to the present invention. 
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[FIG. 4] a schematic cross-sectional view of a substrate in the other embodiment according 
to the present invention. 

* [FIG. 5] a schematic cross-sectional view of a substrate in the other embodiment according 
to the present invention. 

[FIG. 6] a graph showing a characteristic of a viewing angle 8 and a contrast ratio in a 
conventional liquid crystal display device. 
[Description of the References Symbols] 

10 array substrate 

11 scanning line 

12 signal line 

13 TFT 

14 pixel electrode 

15 transverse electric field generating electrode 

16 auxiliary capacitor line (Cs line) 
20 opposite substrate 

30 liquid crystal layer 
A normal tilt region 
B reverse tilt region 
D disclination line 
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[Contents of Amendment] 
[Scope of Claim] 
[Claim 1] 

A liquid crystal display device comprising: 

an array substrate having a plurality of scanning lines and a plurality of signal lines 
each arranged in a column and a row, an active element arranged in a matrix and controlled 
by the scanning line and the signal line, a pixel electrode connected to the active element, 
and an alignment film formed to cover the pixel electrode; 

an opposite substrate having a common electrode disposed to face to the pixel 
electrode and an alignment film formed over the common electrode; and 

a liquid crystal layer disposed between the array substrate and the opposite substrate, 
and in which liquid crystal molecules are pretilted in a predetermined angle and direction by 
the alignment films, 

wherein an transverse electric field generating electrode is formed to control liquid 
crystal molecules corresponding to a part of a region in the pixel electrode so that the liquid 
crystal molecules corresponding to a part of a region in the pixel electrode have different 
standing up direction or standing down direction from liquid crystal molecules in a region 
other than the part of a region. 
[Amendment 2] 

[Document Amended] Specification 

[Item Amended] 0001 

[Method of Amendment] Modification 

[Contents of Amendment] 

[0001] 

[Industrial Field of the Invention] 

This invention relates to a liquid crystal display device. 
[Amendment 3] 

[Document Amended] Specification 

[Item Amended] 0011 

[Method of Amendment] Deletion 
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